The ab-initio computational techniques are employed to extract the coupling between the electronic structure and magnetic properties for a wide variety of transition metal oxides. Optimized crystalline structures are computed by employing Hartree Fock (HF) and Density Functional Theory (DFT) techniques. The hydrostatic pressure is employed upon the optimized cubic crystalline structures of BaScO 3 , BaTiO 3 , BaVO 3 , BaCrO 3 , BaMnO 3 and BaFeO 3 to extract the coupling between the electronic structures and magnetic properties originating due to electron spin polarizations.
Introduction
The transition metals and their oxides are widely investigated by researchers [1] [2] [3] [4] [5] . The researchers employed the empirical, analytical and experimental methods [1] [2] [3] [4] [5] [6] [7] [8] to extract the correlation between the electronic structures and properties of these materials. However, no major success has been reported in finding out the exact relationship between the crystalline structure and properties of these materials. We have attempted to investigate the complex nature of this interdependence existing in highly correlated physics of these materials. The complexity in these investigations arises due to an interaction between the electronic structures and properties. The latter are partially based upon the position of valence electrons in highly localized d-orbitals. This article explores the novel cubic perovskite phases for a wide variety of oxides of Sc-Fe. Later on, the interaction between these novel perovskite crystalline structures is compared with the computational results from other sources. An attempt has also been made to extract the interactions between the electronic structures and magnetic properties arising from electron spin polarization.
Computational Methods and Paramters
The Crystal09 code is employed to compute the exchange energy for the ferromagnetic and antiferromagnetic phases in each of the transition metal oxides. Figures 1 and 2 show the periodic crystalline lattice of perovskite cubic BaTiO 3 and BaFeO 3 consisting of the supercells of an optimum size utilized during these computations. These super cells were employed to compute the optimized crystalline structure and its interaction with electronic properties arising out of the electron spin polarization. Hydrostatic strains are employed for a varying sizes of electronic structures around optimized crystalline volume for each perovskite. During these computations the electronic basis sets for Ba and O were kept same. for BaScO 3 , BaVO 3 , BaCrO 3 and BaMnO 3 to facilitate the SCF convergence.
The computational results are reported in Tables 1-5 and shown in Figures 1-8 . The optimized crystalline structure is compared with experiemental values if available and four additional computations of electronic structures and properties are performed. The hydrostatic compression or expansion of each crystalline structure is achieved by employing expansions and reductions of volume in small increments.
In this way, five separate computations are done for each of the crystalline systems. These computations are repeated for a large variety of crystalline systems to check the consistency. known as manganites perovskites. The crystalline geometry and properties of cubic BaMnO 3 may be well suited to the quantum mechanical model. These models advocate a delicate balance between the crystalline field and Hund's pairing energy. The crystalline field in these models originates due to a coulombic force between the electrons and atomic centers. The electrostatic fields partially attributed to these crystalline fields are intricately interdependent. The interaction between the crystalline field and Hund's pairing energy for the relaxed as well as the strained crystalline structures is interpreted from this model here. The phenomenon of ferromagnetic spin exchange, depending upon the highly correlated electrons in a crystal field, is also accommodated in the model. It is assumed that the ferromagnetic or antiferromagnetic properties due to electron spin polarization depend upon the crystal field of the strained lattice structure. This model can also be applied to manganites (AMO 3 ), titanates (ATiO 3 ) and vanadates (AVO 3 ) as the crystal field splitting is predominant and is relevant in all the material systems discussed as in ref. [7] . The Hamiltonian for a typical transition metal oxide may be 
The g e H term in Equation (1) 
The second energy component in Equation (1) 
In Equation (4), the subscripts i and j express the nearest neighbors on ionic sites, † i a  and j a    are the creation and annihilation operators respectively. The term t in Equation (4) expresses the kinetic energy of e g electrons in BaMnO 3 , BaCrO 3 and BaFeO 3 and electrostatic energy term U. The Equation (4) takes into account the kinetic energy of electrons delocalized due to strains on the  -bonded e g and p-orbitals. The electrons hop between the cation and anion sites termed as i and j.
The electrostatic energy term U expresses the on-site electron correlation in transition metal cations resulting in the electron localization on transition metal sites. The symbol t in Equation (5) is the hopping integral for electrons transferred under the action of strains between ions i and the nearest neighbors j. Hund's energy consists of energy components due to t 2g and e g electrons which are well-localized on each transition metal site due to electron correlations as shown in Equation (7).
It is assumed that the term   in Equation (8) 
Results and Discussion
The computational results are shown in Tables 1-5 and From the computed results shown in Tables 1-6 , an increase in the energy is observed for spins polarized in same direction for all crystalline systems tested confirming the coupling between the crystalline structure and electron spin polarization.
Concluding Remarks
We have employed first principles computations to extract the coupling between the crystalline structure and electron spin polarization. The optimized crystalline structures are computed by a variety of methods for each of the transition metal oxides. Later on, the coupling between the electronic structure and electron spin polarization is determined by computing the energy for the spins aligned in the parallel as well as antiparallel polariza- tions. It is observed that the compression of the the bulk crystal results in the lowering of the the energy confirming the fact that the former is intricately coupled with the latter. It is seen that the coupling between the electronic structure and electronic polarization varies with the occupation of electrons in the outermost orbitals. During computations, it has been observed that the compression lowers the electron energy in the transition metal oxides of Sc-Fe. The lowering of the polarization energy may be attributed to the stronger coupling between transition metal e g and O p-orbitals forming a  -bond.
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